The authors present an unusual case of a 3-year-old girl who was diagnosed with a fast-growing brachial aneurysm due to tuberous sclerosis. The patient underwent aneurysm resection and microsurgical reconstruction with reversed greater saphenous vein graft at the same time. She had a favorable outcome, without neuromuscular deficits. Doppler ultrasonography was performed for diagnosis, vein graft selection, and postoperative follow-up. The authors believe that such combined approach may be the routine for pediatric vascular reconstructions. Finally, this reconstruction has been rarely reported in tuberous sclerosis patients.
The reconstruction of major arteries in small children is unusual and may be challenging 1, 2 . This is because the caliber of these arteries may not allow for conventional vascular interventions, which may lead to the need for microvascular anastomoses requiring a combined team approach.
The purpose of this article was to report the successful microsurgical reconstruction of brachial artery after aneurysm resection in a 3-year-old girl with tuberous sclerosis.
CASE REPORT
A 3-year-old girl presented to the vascular surgery team with a pulsatile mass in the left upper limb, in the transition between axilla and arm (figure 1). The mass had appeared a few months before that medical consultation and had grown rapidly. The patient had a previous diagnosis of tuberous sclerosis, with a history of seizures totally controlled with anticonvulsant therapy, and hypochromic spots through the trunk skin. Doppler ultrasonography was performed right at that first consultation (figure 2) and diagnosed an arterial aneurysm in the transition between left axillary and brachial arteries (predominantly affecting the latter), sizing 3.6 cm in diameter. Since the brachial artery had no more than 3 mm in diameter, conventional vascular reconstruction could be difficult or impossible to be performed. Thus, the vascular surgery team contacted the microsurgery team (plastic surgery) in order to arrange a combined surgery, including aneurysmectomy and artery reconstruction by microvascular anastomosis. On the scheduled day, the patient was anesthetized, and before starting surgery in the upper limb, a Doppler ultrasonography was made to select the donor vein. Right great saphenous vein was chosen because it was wider and longer than basilic, brachial or contralateral saphenous veins.
We used a combined approach in the upper limb. A lazy-S incision was made in the arm and a W-shaped incision was made in the axilla. The venous Upper limb revascularization after aneurysm resection plexus in the cubital region should be preserved, especially the basilic vein, which may be used as a graft. The brachial artery is in the next layer, just deep to the venous plexus. It is medial to the biceps tendon and lateral to the median nerve covered by lacertus fibrosus at the cubital region. The medial nerve runs parallel and medial to the brachial artery in the arm and cubital region. In our patient, anatomy was distorted due to aneurysm growth. Therefore, we used a nerve stimulator to locate the nerves and prevent injury.
The brachial aneurysm was dissected from circumjacent structures. Reversed vein graft was placed over the aneurysm, so that we could estimate its necessary length. Systemic anticoagulation was initiated and soon after that clamps were placed, starting the ischemia period. Aneurysm was almost totally resected, and brachial artery ends were prepared for anastomosis.
The entire revascularization procedure was performed using an operating microscope with magnification ranging from ×8 to ×20. We performed end-to-end anastomosis with interrupted 9-0 nylon sutures in both extremities. Vascular spasm was controlled with topical application of papaverine (Dipaverine  , 100 mg/2 mL, Geyer Lab., Porto Alegre, Brazil). Antibiotic prophylaxis was made with cefazolin 25 mg/kg (Kefazol  , Eli Lilly Lab., São Paulo, Brazil). Heparin (Liquemine  , Roche Lab., São Paulo, Brazil) was administered intraoperatively at a dose of 100 mL/kg and postoperatively as an intravenous continuous infusion of 10 IU/kg/h diluted in 0.6 to 24 mL of saline. Protamine was not used to reverse anticoagulation because of the risk of graft thrombosis.
Proximal anastomosis was performed firstly. Then, the proximal clamp was removed, in order to check for proximal anastomosis leakage and prevent vein twisting. Finally, reconstruction was completed with distal anastomosis. Reversed vein graft was repositioned in order to prevent kinking (figure 3). Total ischemia time was 72 minutes. Distal perfusion was satisfactory after clamp removal.
A suction drain was placed under the skin flaps, distant from the vascular reconstruction. Skin was closed loosely with absorbable sutures and a smooth gauze dressing was applied. Shoulder was immobilized with bandages in 60 degrees abduction. The surgical procedure lasted for about seven hours. A pathological examination of the dissected aneurysm of the left axillary artery wall showed degenerative and structural changes in blood vessel wall with the presence of hemorrhagic foci compatible with aneurysm formation.
The patient was transferred to the pediatric intensive care unit, where she stayed for five days. Mean arterial pressure was maintained above 60 mmHg. On the fourth postoperative day, immobilization was removed and shoulder was adducted. Another Doppler ultrasonography was performed before allowing the patient to move her operated limb, and no flow decrease was found in any position.
On the sixth postoperative day, the patient left the intensive care unit, and on the seventh day, she was discharged from hospital. She returned to the doctor's office weekly, and neither vascular nor healing problems were detected. During follow-up with the vascular surgery team, other Doppler examinations were performed, demonstrating an excellent blood flow two months after surgery.
The patient's parents signed an informed consent to authorize the surgical procedure. The patient identity was kept anonymous. The case has been included in a research protocol, which has been already approved by the ethics committee from our institution. This paper has no conflict of interest.
DISCUSSION
Tuberous sclerosis complex is a rare disorder of tissue growth and differentiation, with a prevalence of 7-12/100,000. It may occur sporadically or on a familial basis with autosomal dominant inheritance. Patients develop benign hamartomas in the brain and other organs 3 . Neurological presentation may involve seizures (more than 90% of cases) and progressive psychomotor retardation (more than 50% of cases). Associated abnormalities include retinal lesions and tumors, benign rhabdomyomas of the heart, lung cysts, benign tumors in the viscera, bone cysts, and aneurysms 4, 5 . Vascular manifestations are often extracanial, but intracranial aneurysms have been described 6 . Our patient had a fast-growing aneurysm that compromised both left axillary and brachial arteries and carried a moderate-to-high risk of rupture. As a consequence, severe hemorrhage, limb loss, and death could happen.
Publications about aneurysm reconstructions secondary to tuberous sclerosis are quite rare 7 . Brachial artery lesions are usually due to fractures, iatrogenesis, or tumors 8 . Artery reconstruction with the use of interposition grafts has rarely been undertaken in children because of the small size of the involved vessels and the often severe underlying conditions 1 . The goals of limb revascularization in the pediatric population include prevention of limb loss and preservation of long-term function 2 . Microsurgical reconstruction of brachial artery has been described in the treatment of injuries related to displaced supracondylar fracture humerus in children 2, 8 . Arteries as small as 0.5 mm in diameter have been successfully anastomosed during modern microsurgical reimplantation procedures or reconstruction procedures in children 1 . We carefully prepared all the steps before the ischemia period in order to decrease its duration. We have also meticulously reviewed both anastomoses before opening the clamps, in order to prevent leakages.
Doppler ultrasonography has demonstrated to be useful in many ways. It diagnosed and allowed for the measurement of the aneurysm, demonstrated its growth, helped in selecting the larger vein graft, and was useful in the postoperative follow-up. Arteriography was used in the past but has the disadvantage of being invasive and not a dynamic test 2 . Computer tomography is also an excellent option, but radiation exposure has been currently discussed, especially in the pediatric population. We highlight the use of Doppler ultrasonography in the surgical room to choose vein graft. Selecting the wider and longer vein may facilitate all the microsurgical steps and decrease discrepancy between native artery and vein graft.
The patient has presented no complications in a short follow-up. Nevertheless, such patients must be followed until adolescence, in order to look for limb-length discrepancies due to decreased limb growth 1 . Additionally, tuberous sclerosis is a condition that predisposes to other aneurysm formations 6 .
CONCLUSION
Brachial artery reconstruction with reverse vein graft and microvascular anastomosis constitutes a feasible therapeutic option in the pediatric population. Especially for the presented case, it has been a successful choice for upper limb aneurysm due to tuberous sclerosis.
The partnership between vascular surgery and microsurgery teams may represent an important combination for pediatric vascular reconstructions.
